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FOREWORD

The Defense Logistics Agency (DLA) Directorate of Contracting
requested DLA's Operations Research and Economic Analysis Office
(DLA-LO) to formulate a management indicator which can provide
visibility of the ability of the production base to meet surge and
mobilization production needs. To this end, DLA-LO has developed,
with the support of DIA's production readiness experts, a prototype
indicator which may be used to aid in the selection of items for
planning as part of the Industrial Preparedness Program (IPP). This
report documents this indicator development effort.

A prototype planning indicator has been developed which is based on
the criticality of an item to its application and the uncertainty of
availability fox an item, Results from a test using the prototype
indicator to evaluate the Construction, Electronics, General and
Industrial commodities are presented. The prototype indicator shows
much promise for identifying items which should be planned to ensure
their availability during mobilization.

It is recommended in this study that development of the planning
indicator be continued, 17o )rovide DIA's Supply Centers with a better
methodology for the selection of items for participation in the IPP
planning process and provide visibility of the responsiveness of the
industrial base to meet emergency demands;.--)Q
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EXECUTIVE SUMMARY

The Defense Logistics Agency (DLA) performs industrial base mobilization
planning as part 6f its Industrial Preparedness Program (IPP) to increase the
likelihood that required materiel resources can be obtained from the
industrial base during mobilization. DLA is currently limited to planning
only a small percentage of the Services' War Reserve items because of planning
resource limitations. Therefore, DIA must focus its planning efforts on those
items which are critical to the mobilization effort and which planning can
substantially reduce the uncertainty of their availability.

A multi-attribute indicator of the desirability of planning any item has been
developed by the DLA Operations Research and Economic Analysis Office with the
support of DLA's production readiness experts. The prototype indicator
provides an overall relative "goodness" measure by considering six distinct
item characteristics: application to the Commanders-in-Chief Critical Items
List (CING CIL) weapons systems, essentiality code, lead time, mobilization
demand ratio, age of the item and mobilization demand value. These
characteristics were selected because they represent the criticality of an
item and its uncertainty of availability.

During the development of the indicator database, we found that there was
minimal overlap between the War Reserve requirements submitted by the Services
and the items which DLA manages which support the CINC CIL. There may be
valid reasons for this disparity, but this issue should bt. investigated
further to ensure that there is no major flaw in our planning process.

The planning indicator has been prototyped for the Construction, Electronics,
General, and Industrial commodities to produce a rank-ordered list of
candidate items for planning for each Center. Many of these candidate items
would be excluded from planning consideraticn using current item selection
criteria because the current alproach does not consider that combinations of
item characteristics may warrant planning. The prototype planning indicator
appears to be a useful toot for aiding in the selection of items for
industrial base planning.

We recommend the following:

o The apparent disparity between CINC CIL supporting items and Service War
Reserve equirements be in.vcstgatcd and resolved.

o The prototype indicator be modified to address the peculiarities of the
Medical and Clothing & Textile commodities.

o The planning indtcat.or be implemented at DLA's Supply Centers to provide
an improved methodology for the selection of items for IPP planning.
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* I1. INTRODUCTIQM

A major mission of the Defense Logistics Agency (DLA) is the management of
* ~several million consumable items which may be common to two or more of the

Military Services. To ensure that items critical to national defense are
* -available during periods of conflict, DIA uses its Industrial Preparedness

Program (IPP) planning effort to develop mobilization plans with selected
contractors for the production of critical materiel. Each year, the Services
submit mobilization requirements for several hundred thousand items as part
of their War Reserve program, however, based on limited resources only a small

* percentage is actually planned with industry. For this reason, it is critical
that DLA focus its planning resources on those items with the greatest need.

IPP item planning consists of contractors developing time phased eutimates of
their mobilization production capabilities for selected items. IPP planning
provides visibility of industry's ex~pected mobilization production support and
provides advance warning of possible mobilization requirements to selected
contractors. This paper describes the process of developing an indicator for
IPP item selection and the results from prototype testing.

The DLA Operations Revearch and Economic Analysis Office has developed for
DLA's Directorate of Contracting an indicator for identifying those items for
which planning would be of greatest benefit. The indicator is based on a
multi-attribute decision making technique knowa as TOPSIS (Technique for Order
Preference by Similarity to Ideal Solution), which was developed by Yoon and
Hwang at Kansas State University in 1980. (A similar approach is being
utilized by the Joint Chiefs of Staff to prioritize weapon systems.) In this
application of the TOPSIS methodology, item characteristics (attributes) have
been chosen which represer t, either the criticality or the availability of in
item. Items which are highly critical or have considerable uncertainty about
their availability are the most logical candidates for planning given limited
planning resources. These items will be further from the ideal combination of
item characteristics and will therefore have a lower measure of relative
closeness to the ideal solution using TOPSIS.

TOPSIS is a fairly simple technique to evaluate alternatives under a number ot
distinct criteria (attributes). It is relatively easy to rank various
alternatives when desirability is measured in terms of a single
characteristic. in general, at one end of the attribute value range is the
most desirable value (ideal solution), and at the other end of the value range
is the least desirable value ý.iegative-ideal solution). Within this attribute
value range, alternatives having attribute values closer to the ideal solution.
are better, while alternatives having values closer to the negative-ideal
solution are worse. When additional characteristics are introduced against
which alternative "goodness" is mneasured the issue becomes more complex.
Multi.- attribute decision making techniques have been developed for the purpose
of ranking alternatives given multiple measurement criteria. TOPSIS is one
such multi-attribute technique which allows the evaluation of alternatives
when there are multiple attribut~es to be considered by providing a measure of
the relative closeness of ar, alternative to t~he most desirable combination of
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attributea. The details of this particular application of the TOPSIS

methodology are described in the following sections.

A. Selection of Ranking Crijeria. The motivation for planning items is
primarily due to two factors: (1) the importance of particular items, and (2)
the uncertainty of availability of items. Therefore, attributes which describe
these item chairacteristics were chosen for inclusion in the planning
indicator. A group of production readiness experts from DIA's Supply Centers
was organized to identify these attributes. This group identified twelve
attributes as being indicative of item criticality and availability during
mobilization. These attributes are:

o Critical Items List Application o Age of Item

o Essentiality Code o Demand to Production Lag
I

o Lead Time o Problem Industry

{.
"o Mobilization Demand Ratio o Number of Suppliers

o Size of Shortage o Commercial Availability

o Get Well Date o Item Application

B. Indicator Prootjig. As a test of the indicator methodology, the
model was to be prototyped using attributes which were readily available in
automated databases. Since not all of the attributes chosen by the functional
experts were available, only those available in an automated form were used.
One additional attribute was introduced to bring the ranking criteria to six

2 in number. The attributes (and their respective weights) selected for the
prototyping of the if.dicator methodology are:

1. CRITICAL ITEMS LIST APPLICATION - (37.5). This was chosen as
the most important ,ittribute because of the emphasis on providing support to
weapons on the Commanders-in-Chief Critical Items List (CINC CIL). The CINC
CIL is a list of weapon systems which the various Commanders-in-Chief have
designated as being critical to their war fighting capabilities. This
attribute has "yes" and "no" as possible values. An item which has
application to a CINC CIL weapon system is given the value "yes".

"2. ESSENTIALITY CODE - %,'3.4)

The essentiality code represents the importance of an item to a weapon system.
.•4 The valid essentialify codes and their definitions are:

a. 1 - Failure to this part will render end item inoperable

b. 3 - Failure to this part will not render end Itemi inoperable

X2

!N



p

c. 5- Item does not qualify for code I but Is needed for
personnel safety S

d. 6- Item does not qualify for code 1 but is needed for
legal, climatic or other requirements peculiar to the
planned operational environment of the end item

e. 7- Item does not qualify for code 1 but: is needed to
prevent impairment of or temporary reduction of
operational effectiveness of the end item

Tf. Blank - Sýae as code 3 or appropriate service has not
assigned an essentiality code 4'

Since an item may have many different essentiality codes based upon particular
applications, the highest essentiality code (representing greatest criticality
of the itm) was uwed. The ordering of the essentiality codes from highest to
lowest criticality in this analysis was [1; 5 & 6 & 7; 3 & Blank]. A possible
future enhan(:eirent to this methodology might be to compute a weighted
essentiality code for each Item based upon the magnitude of requirements for
each application of the item and their corresponding essentiality codes.

3. LEAD TIME - (12.5). The lead time is the length of time
required to produce an item (as represented by the production lead time).
This attribute has been chosen because the greater the lead time, the slower
the expected response co demands.

4. MOBILIZATION DEMAND RATIO - (9.4). This is the ratio of the
mobilization den' nd requirements to normal peacetime demand. If this ratio is
large, the potential for insufficient production base capabilities is greater.

5. AGE OF ITEM - (3.1). This attribute identifies whether the item
is new or established. If the item is new to DLA (less than 2 years of
management responsibility), there is less certainty of the availability of the
item.

6, MOBILIZATION DEMAND VALUE - (3.1). The mobilization demand
SI value is the dollar value of the projected mobilization demand (the Other War

Reserve Materiel Requirements). Although this attribute was not among the
original twelve selected by the production readiness experts, it was included %
because it was readily availabli and a large mobilization demand value could "S
indicate insufficient industrial base capabilities.

C. Items Examin-ed

The population of items to be evaluated was developed from two sources.
Service War Reserve items, which have been traditionally considered for
planning, were merged with items supporting the CINC CIL. Table 1 displays 0
the breakout of items examined by commodity. The development of the indicator
database is described in gruater detail in Appendix A.

I
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It is interesting to note the general lack of overlap (common items) between
the items which DLA manages which support the CINC CIL and the items for which
War Reserve requirements are submitted by the Services. Overall, there is
less than a ton percent overlap of these two item populations. 'Te discovery
of this lack of correlation between the items which the CINC's identify as
critical to their mission during mobilization, and the mobilization
requirements submitted by the Services as part of the War Reserve program may
warrant review of the Services War Reserve computations.

Table I

INDICATOR DATABASE BREAKDOWN

Commodity CIL Items WR m UniLue Itemns Common IteMs
Construction 17,661 29,276 43,772 3,165
Electronic 59,812 43,414 92,794 10,432
General 13,337 17,171 27,048 2,660
Industrial 66,582 67,379 121,781 12,180
Medical 52 11,138 11,164 26
Textile 123 3,047 3,102 68

Total 157,567 171,425 300,461 28,531

D. Indicator Computation

M Computation of the indicator value for eaci, item is a relatively simple
process. The following briefly describes the indicator computation process:

1. Definition of ideal and negative-ideal values - Rather than
specify ig a "high" or "low" value for these values as typical to a simple
TOPSIS application, distinct values were identifie for both the ideal and
negative-ideal solutions. This was done to limit the influence of items with
extreme attribute values. For the prototype indicator effort, the following
value: were assigned as the ideal and negative-ideal solutions:

IDEAL NEG-IDEA

CIL Application No Yes

Essentiality Code Blank 1

•Lead Tlim 0 days 750 days

Mob Demand Ratio 0 500

Age of Item Estab. New

Mob Demand Value $ 0 $ 100,000

4
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2, Assignment of attribute values - Each item was assigned a
numeric score for each attribute. Attributes with non-numeric or non-cardinal
values were assigned cardinal values. Attribute values for the CIL
application, essentiality code and age of item code were assigned as follows:

-IL Application - No --- > 0.0
Yes --- > 1.0

Essentiality Code -

1 --- > 0.0
3 --- > 5.5
5 --- > 3.5
6 --- > 3.5
7 --- > 3.5

Blank --- > 5.5

Age of Iteon Code -

E --- > 1.0
N --- > 2.0

Blank --- > 1.5

3. Clipping of extreme values - Items which had attribute values
beyond the bounds of the ideal or negative-ideal values had their values
clipped to within these limits.

4. Normalization of attributes - Each of the attributes was
normalized to produce an attribute value range of 0 to 1.

4 5. Application of attribute weights - The normalized attribute
vectors were multiplied by the appropriate weighting factors.

6. Computation of distance measures - The Euclidean distances for
item state space coordinates to both the ideal and negative-ideal solutions
were computed.

7. Computation of indicator value The relative closeness of each
item to the ideal solution was computed by dividing the distance to the
negative-ideal by the sum of the distances to the ideal and negative-ideal
solutions. This result was subtracted from one to produce an indicator where
a higher value (closer to 1.00) represents a gre'ater need for planning.

8. Rank ordering the items - The items were sorted by their
indicator value in descending order. This produced a list of candidate items
for planning where again, higher indicator scores represented a greater need
for industrial base planning.

Appendix B describes the indicator computation process in greater detail and
includes listings of the programs developed for indicator value computation.
Appendix C provides a step by step example of the indicator computation
process for a sample item.

"5
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E. Indicator Adjustments. The indicator computation can be fine tuned
using various "knobs" inherent to the technique. The two most significant
ways to adjust the indicator are (1) through the definition of the ideal and
negative-ideal solutions, and (2) by the assignment of the relative attribute
weights. During the prototype indicator review process, each of these "knobs"
was adjusted to produce results that were in closer agreement with the opinion
of DLA's production readiness experts.

IV. FINDW95

It is useful to examine a sample of the prototype indicator's output. Table 2
displays a typical listing of indicator results. The first column labeled
"NSN" is the National Stock Number for the item. The second column is labeled
"ITEM NAME" and indicates the nomenclature for the item. The third column
labeled "PLAN CODE" shows whether the item was planned during the last IPP
cycle. A "P" in this column indicates that the item was planned. (Currently
this field is only valid for the General commodity.) The fourth column is
labeled "INDCTR VALUE" ane represents the indicator value which was computed
.or the item from its attribute values. The list is ordered based on this
column, with high values, which indicate a greater need for planning,
appearing at the top of the list. The fifth column is labeled "CIL CODE" and
has the code "C" if the item Is used on a GIL weapon system, and blank
"otherwise. The sixth column, labeled "ESS CODE", represents the highest
essentiality code for any application of that item to a weapon system. The
seventh column, "LEAD TIME", is the production lead time for the item. The
eighth column, "MOB DMD RATIO", is the mobilization demand ratio for the item.
The ninth column, "MOB DEMAND VALUE", is the mobilization demand value for the
item expressed in dollars. The tenth and final column is labeled "AGE OF
ITEM" and represents the age of item code for the item, where "E" means
"establighed" and "N" means "new". This output listing was designed to
display .,.uch of the information used for the indicator computation as well as
the planning indicator value itself so that the listing might be more useful
as a planning tool to production readiness personnel. By displaying this
additional information, more informed decisions can be made when selecting
items 'or planning.

The prototype indicator appears to produce results which can be useful in the
planning process for DIA's four hardware centers. Results for the top 100
items for each of the harduare centers are presented in Appendices D through
G. It appears that the prototype indicator in it:2 present configuration does
not edlress the peculiarities of the items managed by Defense Personnel
Suppor Center (the Medical and Clothing & Textile commodities). An indicator
using attributes which are not as weapon system related as those for the
hardware centers' indicator would be more appropriate for DPSC.

The approach of a multi-attribute indicator to determine which items should be
considered for planning appears to have some advantages over the current
method of using independent screcenng criteria to identify items for planning.
The current screening criteria limits planning consideration to items meeting
each of the following three criteria:

6
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1. Lead time greater than 60 days

2. Other War Reserve Materiel Requirement greater than $10,000

3. Mobilization demand ratio greater than 3.0

Failure to satisfy one of the criteria removes an item from planning
consideration regardless of how the item rotes against the other criteria.
The new indicator has the advantage that it considers the combination of
attribute values to identify candidate items. Weakness in one attribute may
be offset by strength in another attribute. Elimination of independent
screening criteria will allow the combined effects of the various criteria to
be addressed.

The multi-attribute approach also has the advantage of allowing varying

degrees of emphasis to be placed on each of the attributes by means of the
attribute weighting process. If much greater emphasis on a particular
attribute Is desired during a given planning cycle, a greater weight can be
assigned to that attribute prior to the indicator computation process. The
results of the new weight will be reflected in the indicator results,

V. CONCLUSION-

The development of the planning indicator item database has revealed that very
little overlap exists between the items for which the Services submit War
Reserve requirements and the DLA managed items which support CINC CIL weapons

.4 systems. Although these two lists were developed by different groups and for
"i- different purposes -- the CINC CIL by the operations planners for ensuring

war fighting capabilities, and the War Reserves by the logistics planners for

ensuring logistics sustainability -- one would expect a greater overlap in
these iLems than the ten percent that is observed. Possibly, the War Reserve
requirements are computed solely on the basis of reliability failures, and do
not include any combat damage requirements. Therefore, some disparity between
the item populations may exist as some items will not need to be replaced
except in the event of combat damage. Nonetheless, the lack of War Reserve
requirements for many of the critical items which support the CINC CIL should:-:,•be reconciled.

This prototyping effort has demonstrated that it is feasible to construct an
* indicator which is useful in identifying candidate items for industrial base

tmobilization planning. Ranking items based on. item characteristics which
indicate item criticality and uncertainty of availability can he a ,_sefu
method for selecting items for planning. Given the scarcity of production
planning resources, planning efforts should focus on those items with the
greatest payback from planning -- where the planning will insure the
availability of items critical to mobilization efforts. The indicator can
also be a useful tool for identifying areas of the industrial base which may
warrant further examination. For instance, computing an indicator value
across a supply class (averaging the item indicator values for items within a
supply class) may reveal potential weaknesses in specific areas of the
industrial base. These r( ;ul.ts might be used to direct s;tudies of weak
sectors within the industrial base.

..i
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VI. RECOMMENDATIONS

The following recommendations are made:

o Investigate the reasons for the disparity between the Services' War
Reserve requirements and the CINC CIL supporting items. This can be an
opportunity to ensure that the operations planners are communicating with the
logistics planners.

o Develop prototype indicators for the Medical and Clothing & Textile
commodities considering the unique characteristics of each of these
commodities.

o Implement the multi-attribute planning indicator methodology as part of
the TPP planning process. The methodology should be adapted for use at the
Supply Center level. The Directorate of Contracting, DIA Headquarters, should
maintain oversight of the application of indicator software at the DLA Supply
Centers. (This implementation of the planning indicator may entail developing
programs for use on Center mainframe computers (Standard Automated Materiel
Management System - SAMMS), minicomputers (Distributed Minicomputer Processing
System - DMINS), or microcomputers.)

Ar
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APPENDIX A - DATABASE DEVELOPMENT

Development of the indicator databases for each of the different comuodities
examined was accomplished using the following procedure.

(1) Identification of the CING CIL related items. The first step in
identifying the DLA managed items which are related to the CINC CIL required

relating Weapon System Designator Codes (WSDC's) to as many of the CINC CIL
systems as possible. After the appropriate WSDC's were identified, a list of
DLA managed items for all of the CINC CIL related WSDC's was obtained using
information contained in the DLA Integrated Data Base (DIDB).

(2) CINC CIL item data expansion. Additional item information (6uch as
lead time, mobilization demand, etc.) required to compute the indicator values
"was obtained from differenc files within the DIDB and added to the CINC CIL
item database.

(3) Idenuification of War Reserve items. War Reserve items were
identified as those items with an Othe- War Reserve Materiel Requirement

F) (OWRMR) of greater than zero. In addition to the NSN, much of the data
required for indicator computation was pulled at the same time because it was
available in the same DIDB files.

(4) War Reseyrgitem data expansion. The essentiality code as obtained
from the weapon system file of the DIDB was added to the War Reserve item
database.

(5) o.ing of the item databases. The GING CIL item database was merged
p with the War Reserve item database to produ,-:e one combined database. A field

indicating the source of each item (CINC CIL, War Reserve, or both) was also
added to the data.

(6) Adjulstment of essenviality code field. The essentiality code
representing the application of highest criticality was used as the
essentiality code for each item.

(7) ConversLigi .oAqL fields to n.umericS attribute data. Those fields
which were either non-numeric or non-cardinal were converted to numeric
values. Other indicator attributes which were a combination of item data
fields (such as mobilization demand value which is the unit price times the
mobilization demand quantioty) were also cowiputed.

(8) Addition of planning field. For the General commodity, information
was obtained which indicated which items had been planned during the previous
planning cycle. This information was appended to the indicator attribute
database.

These steps comprise the indicator database development process. The
resulting data'ase was used for indicator value computation.

A-1
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APPENDIX B INDICATOR COMPUTATION PROGRAM

1. Indigator-Comutatio

A fairly simple FORTRAN 77 program was used to compute the indicator values
for each item. This program is composed of the following four modules:

MAIN - The main program calls the various subroutines.

RDSOLN - This routine reads the attribute names, weights, and the
ideal and negative-ideal solutions.

PROCSS - This routine computes the normalization factors for each of the
attributes.

COMPUT This routine performs the actual computation of the
, relative closeness to the ideal solution.

2. Dutput Report Generation

The output listings were produced by using the report capabilities of the
Statistical Package for the Social Sciences (SPSS). The remaining pages of
this appendix represent a listing of the sonrce code of the indicator
computation program and the SPSS statements used to produce the output
reports.
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1] APPENDIX C - EXAMPLE OF INDICATOR COMPUTATION

This appendix follows the computation of the planning indicator value for one
sample item. The item chosen for this example is managed by the Defense
Industrial Supply Center (DISC), specifically NSN 5340001930783 which has the
nomenclature "Clamp, Loop". Ustng our indicator database we determine that
this item has the following attribute values:

CIL Application - Yes

Essentiality Code - 1

Lead Time - 271 days

Mob Demand Ratio - 16o.0

Mob Demand Value - $146,740

4 Age of Item - Established

1. Assigrtent of Numeric Attribute Values

• • The first step in the computation of an indicator value for this item is the
Sassignment of numeric values for each attribu-te. We use the following

attribute value mapping algorithms:

CIL Application -
No --- > 0.0

Yes --- > 1.0

Essentiality Code -
I --.. > 0.0

3 --- > 5.5
5 --- > 3.5
6 --- > 3.5
"7 --- > 3.5

Blank --- > 5.5

Age of Item Code
E --- > 1.0
N --- > 2.0

SBlank --- > 1.5

Using these mapping algorithms, we translate the CIL application, essentiality
* code, and age of item attributes to the following numeric values:

CIL Application - 1.0

A, Essentiality Code - 0.0

Age of Item - 1.0

C-1



2. EteMe Attribute Valuea

The next step is to clip any attribute values which lie outside of the ideal
and negative-ideal solutions. This places the following constraints on the
attribute values:

0.0 <- CIL Application <- 1.0

0.0 <- Essentiality Code <- 5.5

0 <- Lead Time <- 750

0.0 <- Mob Demand Ratio <- 500.0

0 <- Mob Demand Value <- 300,000

1.0 <- Age of Item <- 2.0

The only attribute which must be clipped in this example is the mobilization
demand value attribute since $146,740 is greater than the $100,000 maximum
allowed value. This produces the attribute value set of:

CIL Application - 1.0

Essentiality Code - 0.0

Lead Time - 271

Mob Demand Ratio - 166.0

Mob Demand Value - 100,000

Age of Item - 1.0

3. Normalization

The next step requires normalizing each attribute. Normalization makes thu

highest value of one attribute equivalent (numerically) to the highest value
of another attribute. For oir normalization, we are mapping the values for
each attribute into the range Erom zero to one. Each attribute is normalized
by subtracting any displacement of the minimum value from zero from the
attribute value and dividing the value by the range of values (maximum minus
ra inimum). This normalization can be expressed as

NORMALIZED VALUE - ( OLD VALUE - MINIMUM ) / ( MAXIMUM - MINIMUM )

The following computations are performed to normalize our sample item

CIL Application - ( 1.0 - 0.0 ) / ( 1.0 - 0.0 ) - 1.0

Essentiality Code - ( 0.0 - 0.0 ) / ( 5.5 - 0.0 ) - 0.0

C-2
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Lead Time - ( 271 - 0 ) / ( 750 - 0 ) - 0.361

Mob Demand Ratio - ( 166.0 - 0.0 ) / ( 500.0 - 0.0 ) - 0.322

Mob Demand Value - 1 100000 - 0 ) / ( 100000 - 0 ) - 1.0

Age of Item - ( 1.0 - 1.0 ) / ( 2.0 - 1.0 ) - 0.0I -
4. A&olication of Attribute Weights

Next, we multiply the normalized attribute values by their respective
attribute weights. The weighting process can be expressed by

WEIGHTED VALUE - NORMALIZED VALUE * WEIGHT

Applying the appropriate attribute weights yields

CIL application - 1.0 * 37.5 - 37.5

Essentiality Code - 0.0 * 34.4 - 0.0

Lead Time - 0.361 * 12.5 - 4.51

Mob Demand Ratio - 0.332 * 9.4 - 3.12

Mob Demand Value - 1.0 * 3.1 - 3.1

Age of Item - 0.0 * 3.1 - 0.0

5. CoMpute Distances to Ideal and Negative-Ideal Solutions

After the weighted normalized attribute values have been computed, the
Euclidean distances to the ideal and negative-ideal solutions must be
computed. The general algorithm to compute the Euclidean distance between two
points is

DISTANCE - ( ( X1 - X2 )A2 + ( YI - Y2 )A2 + )0 .5

where X and Y represent two of the dimensions (attributes) which define the
coordinate syRtAem. First wrA qnnlv this alworithm to co:m'pute the distance to

the ideal solution.

Dist(ideal) - ( ( 0.0 - 37.5 ) 2 +
( 34.4 - 0.0 A ^ 2 + r
( 0.0 - 4.51 ) 2 +
( 0.0 - 3.12 ) 2 +
( 0.0 - 3.10 ) A 2 +
( 0.0 - 0.0 ) 2 ) ' 0.5 - 51.3

C-3
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The distance to the negative-ideal solution is computed

Dist(neg-ideal) - ( ( 37.5 - 37.5 2 +
( 0.0 - 0.0 ) A 2 +
C 12.5 - 4.51 ) A 2 +
( 9.4 - 3.12 A A 2 +
( 3.1 - 3.10 ) A 2 +

( 3.1 - 0.0 ) ^ 2 0.5 - 10.6

Finally, the indicator which expresses the relative closeness of the item to
the ideal solution is computed by the formula

INDICATOR - 1.0 - (Dist(neg-ideal) / (Dist(nc'g-ideal) + Dist(ideal) ) )

This makes our final computation

INDICATOR - 1.0 1( 0.6 / 1 10.6 + 51.3 ) ) - 0.828

j!

~1
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Appendix G

Industrial Commodity Indicator Results
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